Two different series of N-donor pyrazole ligands have been used in the liquid-liquid extraction of Cu(II), Cd(II) and Pb(II) ions from aqueous solution using methylene chloride as a solvent. The percentage of extracted metal ion determined by atomic absorption measurements has been analyzed as a function of the ligand structure. It is shown that the ligand capacity to extraction is affected by the nature of the bridge between the central nitrogen atom and the pyrazole rings. The tridentate ligand exhibits a good extractive affinity for copper (II) and lead (II).
Introduction
Copper (II), cadmium (II) and lead (II) ions are known to be toxic to human health. Selective signaling of heavy metal ions is a very important topic for the detection of toxic metal ions in various chemical systems including living systems. In this field, pyrazole derivatives are currently the subjects of several studies. [1] [2] [3] [4] [5] [6] For instance, the N,N-bis[ (3,5- 
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For 3 can be bonded to a silica gel and presents a good extractive affinity for mercury (II).
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In our group, the synthesis and the study of extractive properties of a series of N-donor pyrazole compounds containing one, two, three or four pyrazole rings [11] [12] [13] has shown that the coordination behavior and the reactivity of the corresponding metal ion complexes can strongly depend on both the electron density on the nitrogen atoms and steric hindrances of substituents R 1 , R 2 and R 3 . It was therefore interesting to increase the diversity of tridentate ligands 1 and 2 with a view to studying their extractive affinity for metal ions. In this paper we report the studies of liquid-liquid extraction of heavy metal ions (Cu 
Results and Discussion
N-Donor tripod ligands (3) (4) (5) were prepared as previously reported 15 via the condensation of 3-chloromethyl-1,5-dimethylpyrazol (6) 14 with aniline, p-toluidine in a 2:1 ratio or pphenylenediamine in a 4:1 ratio, using sodium carbonate in refluxing acetonitrile during three hours. Figure 2 shows the resulting compounds. Table 1) . The observed changes in chemical shifts of pyrazole-ring protons (from 5.65 to 5.90 ppm) and of methylene groups (from 4.35 to 5.35 ppm) prove that the introduction of various electronacceptor and / or bulky substituents to pyrazole rings can be used for tuning the electron density on nitrogen atoms of this potential ligands. Besides, the change of the nature of the bridges between the central nitrogen atom and the two pyrazole rings brings about potentially different coordination behavior in the liquid-liquid extractions of Cu(II), Pb(II) and Cd(II).
Liquid-liquid extractions of individual cations
The tripodal compounds were purified and characterized by NMR, IR, MS spectroscopies and elemental analysis before use. The results given in Table 2 correspond to the percentages (E%) of extracted cations from solutions using tripodal N-donor pyrazole derivatives. The extraction data with C-C-N bond compounds 3-5 have been investigated for various cations. The extraction yield for Cu(II) was observed between 12-34%, while for Pb(II) and Cd(II) the E% was lower than 8%. Among these compounds, bis-tripod 5 presents the best efficiency for the extraction of Cu(II) with 34%. This result is probably due to the presence of two coordination units. For the other cations, this phenomenon was not observed. It is clear from these results that our compounds have no affinity for Cd(II) and Pb(II), thus these C-C-N bond compounds are not efficient for the extraction of these metal ions. These results are probably due to the electrostatic In order to increase the extraction percentage, we have used other N,N-bis(pyrazolyl-1-ylmethyl)amine derivatives (8) (9) (10) (11) (12) . Concerning Cd(II), no extraction of the tested compounds was observed (less than 5%, Table 2 ). These results show an affinity only with Cu(II) and Pb(II) metal ions. In this case, three groups will be distinguished. , probably due to the partial hydrolysis of the ligand in the presence of the copper(II) salt in solution. 17 From this screening study, it is possible to draw the following conclusions: -the ligands having a N-C-N bridge are more efficient than the tripodes having a C-C-N bridge; -copper(II) and lead(II) show the higher extractive affinity for these compounds; -in the present conditions (25°C and pH = 7.00) cadmium(II) is poorly extracted from aqueous solution by tripode and bis-tripode derivatives; -For these metal-ligand systems, despite the lack of data for individual complexes, the Irving-Williams 22 stability order of copper (II) > lead (II) > cadmium (II) appears to apply.
General Procedures. The extraction of metal ions was investigated using nitrate salts. The organic solutions were made by dissolving a weighed amount of the compound in dichloromethane. Liquid-liquid extraction experiments were carried out in a flask by shaking for 2 hours in a thermostated bath 13, 23 . The temperature was maintained constant at 25°C during all the experiments and the pH of 7.00 was controlled with a pH-meter. A solution of (7. 10 -5 M) of tripod or bis-tripod in 25 mL of CH 2 Cl 2 was stirred for 2h with 25 mL of an aqueous solution of metal salt (7. 10 -5 M). The aqueous phase was separated and analyzed by atomic absorption spectrometry with an air-acetylene flame. Cadmium, copper and lead analysis were performed using Varian A20 double beam Spectrometer equipped with a Varian hollow cathode and a Deuterium background corrector. Single element standards were prepared for these metals from a Merck 1000 µg/mL stock solutions. All standards were made sufficiently acidic to avoid metal hydrolysis and to match content in the sample using nitric acid 65% Suprapur from Merck. All dilutions were made in 50 ml polypropylene tubes (Sarstedt).
